To assess the impact of patient cost-sharing for antihypertensive medications on the proportion of days covered (PDC) by antihypertensive medications, medical utilization, and health care expenditures among commercially insured individuals assigned to different risk categories. Methods: Participants were identified from the Consolidated Health Cost Guidelines (CHCG) database (January 1, 2006-December 31, 2008) based on a diagnosis (index) claim for hypertension, continuous enrollment $12 months pre-and post-index, and no prior claims for antihypertensive medications. Participants were assigned to: low-risk group (no comorbidities), high-risk group (1+ selected comorbidities), or very high-risk group (prior hospitalization for 1+ selected comorbidities). The relationship between patient cost sharing and PDC by antihypertensive medications was assessed using standard linear regression models, controlling for risk group membership, and various demographic and clinical factors. The relationship between PDC and health care service utilization was subsequently examined using negative binomial regression models. Results: Of the 28,688 study patients, 66% were low risk. The multivariate regression model supported a relationship between patient cost sharing per 30-day fill and PDC in the following year. For every US$1.00 increase in cost sharing, PDC decreased by 1.1 days (P , 0.0001). Significant predictors of PDC included high risk, older age, gender, Charlson Comorbidity Index score, geography, and total post-index insurer-and patient-paid costs. An increase in PDC was associated with a decrease in all-cause and hypertension-related inpatient, outpatient, and emergency room visits and medical, pharmacy, and total costs. Conclusions: The trend has been for managed care organizations and employers to require patients to bear a greater out-of-pocket burden for health care resources consumed. This study illustrates the potential adverse effects of higher patient cost sharing among patients with hypertension stratified by different risk levels. A decrease in PDC was predictive of higher resource utilization and health care costs, which should be of interest to payers and employers alike.
Background
The Centers for Disease Control and Prevention estimates that one in three US adults has hypertension, 1, 2 and Framingham data estimate that 90% of nonhypertensive individuals aged 55 years or older will eventually develop hypertension in their lifetime. 3 Costs in terms of health care services, medication, and reduced productivity totaled US$76.6 billion for hypertension in the US in 2010. 4 Although a variety of evidence-based medications are available for the treatment and control of hypertension, these drugs will be ineffective if patients do not adhere to their prescribed regimens. Poor adherence to antihypertensive medication has been linked to poor blood pressure control, rehospitalization, and increased health care resource utilization. On the other hand, increased adherence to antihypertensive medication has been shown to reduce hospitalization risk and health care costs, and is therefore likely to decrease productivity loss due to chronic conditions. 5 The management of hypertension presents an interesting challenge for the following reasons: (1) there are multiple drug classes available to treat the disease ranging from inexpensive diuretics to brand-name combination therapies and the newer direct renin inhibitors; (2) hypertension is a major independent risk factor for several comorbid conditions, namely coronary artery disease, chronic kidney disease, diabetes, and ischemic stroke; 6 (3) patients are generally on multiple medications to manage their hypertension, creating a financial burden due to out-of-pocket expenditures; 7 and (4) as hypertension is an asymptomatic disease, adherence rates are low according to some estimates, ranging from 36%-80%. 8 Poor medication adherence among hypertensive patients is one of the primary causes of the failure to achieve adequate control of blood pressure. 9 The low rates of adherence to antihypertensive medication are mainly due to the complexity of dosing regimens and the side-effect profiles of the drugs, 9 but poor adherence is also attributable to the asymptomatic nature of the disease, the fact that the condition is chronic, and the ensuing economic burden that many patients must share with third-party payers over the long term. 10 As organizations grapple with the high cost of health care, policies to shift costs to patients have become the norm. In response, a body of literature has arisen that attempts to examine the impact of these cost shifts on outcomes. Since hypertension is a prevalent and chronic condition with a high cost burden, extensive research has been conducted to assess the impact of cost sharing on antihypertensive medication adherence. [11] [12] [13] [14] [15] [16] While the methods employed and populations examined vary widely, overwhelmingly these studies support a negative relationship between patient cost sharing in various forms and medication adherence. Chernew and colleagues 12 found that medication adherence increased after copays were reduced for common antihypertensive medications. A 2010 study of military veterans found that a US$5 copayment increase (from US$2 to US$7) adversely impacted adherence to antihypertensive medications. 13 In the same year, Maciejewski and colleagues examined the effects of eliminating copayments for generic medications and reducing copayments for brand-name medications, and found that adherence improved by 1.5 percentage points for patients with hypertension taking calcium-channel blockers. 15 Most recently, a retrospective study of employees of a large global pharmaceutical firm showed that reduced cost sharing was associated with increased medication adherence, with the greatest improvement observed among employees taking cardiovascular medications. 14 Building upon previous research, this study assessed the impact of patient cost sharing in the form of 30-day copays for antihypertensive medications on proportion of days covered (PDC, used as the proxy for adherence) during the 12-month post-index period. Additionally, the impact of adherence to antihypertensive medications on medical utilization outcomes and health care expenditures for individuals with hypertension was assessed. The impetus for this research was an apparent gap in the literature, ie, no published study in this area applied an approach to stratify patients by "risk level" (as defined by measures of comorbidity) to determine whether risk level tempers or exacerbates the impact of cost sharing on adherence. This is an important aspect, given that comorbidity is often included as a covariate in similar studies in order to neutralize the independent effect of this variable on the outcome (adherence). By understanding how comorbidity risk level impacts the relationship between cost sharing and adherence, policy makers, health plans, and employers should be better positioned to create targeted policies.
Methods

Data source
Data for this study were obtained from the 2007 and 2008 Consolidated Health Cost Guidelines database (CHCG) developed by Milliman. 17 This database is used by Milliman to produce its Health Cost Guidelines tool used by payers nationwide to price health care benefits, set benchmarks, measure the impact of health plan changes, and manage health care utilization. It has also been used to conduct simulations that allow for estimation of the effects of health benefit modifications and evaluation of the risks and benefits of alternative benefit approaches. The current database contains medical, pharmacy, and enrollment data from 2004-2007 for roughly 15 million patients, 2 million of whom had a diagnosis of hypertension at the time of the study sample identification period.
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Sample selection
In order to be included in the study, members were identified from the CHCG database based on the following criteria: 
Primary outcome measures
Pharmacy-based outcome measures
The pharmacy-based measures consisted of annualized measurements per member per year (PMPY) for: (a) the number of hypertension medications (any, brand, generic), and (b) medication adherence, defined as the PDC for antihypertensive medications. The PDC was calculated as the number of days with any antihypertensive medication divided by the number of days in the follow-up period for each patient. 18 Use of refills for antihypertensive medications was determined using a set of rules to avoid double-counting covered days. For example, when a prescription for an antihypertensive medication was issued before the previous antihypertensive prescription should have run out, use of the new prescription was assumed to begin the day after the end of the old prescription and the days' supply for the new prescription was appended to the end of the previous fill. Any surplus days' supply remaining on the last day of the observation period was truncated. The PDC could only have a value between 0 and 1 and was multiplied by 100% to derive the percentage. On the basis of their PDC, patients were assigned an adherence value ranging from 0%-100%.
Medical utilization-based outcome measures
The number of hypertension-related emergency room visits, outpatient visits, and laboratory or diagnostic visits during the pre-index and post-index periods was determined for each patient.
Expenditure-based outcome measures
Expenditure-based measures consisted of health plan pharmacy expenditures for antihypertensive medications, patient out-of-pocket costs for antihypertensive medications, and health plan expenditures for hypertension-related medical services for each of the three hypertension risk groups. Total health care and pharmacy expenditures for all services and prescriptions were computed in a similar manner.
Cohort assignment
Patients were assigned to one of the following risk groups based on the following criteria:
• Low risk: a diagnosis claim for hypertension but no comorbid conditions (see below) during the pre-index and post-index periods.
• High risk: a diagnosis claim for hypertension and a diagnosis claim for 1 or more comorbid conditions (see below) during the pre-index or post-index periods.
• Very high risk: a diagnosis claim for hypertension along with a hospitalization for 1 or more comorbid conditions (see below) during the pre-index or post-index periods.
The following comorbid conditions were applied in the categorization of risk groups: -Diabetes (ICD-9 250xx) -Heart disease (ICD-9 410xx, 414xx) -Chronic kidney disease (ICD-9 585xx, 586xx, 403xx, 404xx) -Ischemic stroke (ICD-9 430xx, 431xx, 432xx 433xx, 434xx) -Depression (ICD-9 296xx, 311xx, 3004x) -Asthma (ICD-9 433xx, 440xx) -Pulmonary vascular disease (ICD-9 443xx) -Dyslipidemia (ICD-9 2724x).
Covariates
Covariates included in the regression models included age, gender, Charlson Comorbidity Index (CCI) score, geographic region of health plan enrollment, health insurance plan type, income (based on assignment by zip code from the US Census Bureau), patient cost sharing for antihypertensive medications and hypertension-related medical services, and plan-paid medical expenditures for hypertension-related services.
Analysis: models
Models were created to evaluate treatment adherence ( measured as the number of days covered by a prescription for an antihypertensive medication in the year following diagnosis), health care service utilization (inpatient, ER, outpatient), and total allowed health care service cost (medical, pharmaceutical, total cost). For the adherence submit your manuscript | www.dovepress.com Dovepress Dovepress regressions, we used a standard linear regression. For the utilization regressions, we used a zero-adjusted negative binomial model for lower frequency events and a negative binomial model for more frequent events. We considered Poisson models, but examination of the response variables showed that the binomial distribution provided a better description of the response variables. For costs, we created six models that predicted medical, pharmaceutical, and overall costs, both for hypertension-related services and all services. These regressions used a log-transformed response variable to produce a better fit.
Results
The characteristics of the overall sample and the defined risk groups are presented in Table 1 . There were 28,688 individuals who met the inclusion criteria, with the majority (66%) in the low-risk group (n = 18,937). The average age of the sample population was 49.5 years, with slightly fewer females (45.6%), and an estimated average annual income of US$41,964. The majority of the sample members resided in the South (36%) or Midwest (33.6%) and were enrolled in a preferred provider organization (PPO [76.5%]). By definition, the low-risk group did not have any members with the selected comorbidities, while in the very high-risk group, these conditions were prevalent (particularly dyslipidemia, diabetes, and heart disease). Patient cost-sharing and insurerpaid costs for antihypertensive medications were identical, averaging US$96 per month. The mean number of distinct antihypertensive medications in the 12-month follow-up period was 1.38, with prescriptions for branded agents averaging 1.73 and generics 5.75, respectively. The Charlson Comorbidity Index score was 0.58 across the overall sample, with the very high-risk group having the greatest comorbidity burden, as expected. The average number of days over the 12-month follow-up period that patients in our study population received an antihypertensive drug (adherence) was 205 days (PDC 56%), with little difference between the three risk groups.
Characteristics of the study participants by risk group in terms of pre-index and post-index medication history and hypertension-related and all-cause health care expenditures (resources used, insurer-paid costs, and patient-paid costs) are shown in Table 2 . With increasing risk, the number of medications, health care events, and costs increased. In most cases, both insurer-paid and patient-paid all-cause costs increased from the pre-index to post-index periods. Hypertension-related costs in the post-index period were mostly borne by the insurer, and were relatively low.
In order to determine the relationship between cost sharing and adherence (ie, PDC), a multivariate regression model was constructed, controlling for the potential effects of factors that may have an independent relationship with adherence. Table 3 describes each covariate and offers the rationale for inclusion along with key supporting references. The full results of our model are presented in Table 4 . For every US$1.00 increase in patient cost sharing per fill (30 days), the number of days in the year that a patient was covered by an antihypertensive medication decreased by 1.10 days (P , 0.0001). Risk group status was a significant predictor of adherence for those who were defined as "high risk" compared to the reference "low risk" group. High-risk patients essentially were adherent for 7.78 more days (P , 0.0001). There was a general trend toward improved adherence with age, with the exception of the oldest group examined (ages 56-65). Gender was a significant predictor of days adherent: males had approximately 3 fewer days of adherence compared with women (P = 0.045). The Charlson Comorbidity Index risk score also influenced adherence: for every point increase, adherence decreased by 6.23 days (P , 0.0001). Compared with residence in the western part of the US, residing in the South, Midwest, and Northeast was associated with a decrease in number of days adherent (P , 0.0001). Total costs paid by the insurer in both the pre-index and post-index periods were weakly associated with our dependent variable, as were total costs paid by the patient.
In an effort to further explore the relationship between the number of days patients were adherent to antihypertensive medications and resource utilization in the 12-month post-index period, a series of eleven zero-inflated negative binomial regression models were constructed (data not shown). The dependent variables for these models included: all-cause and hypertension-related outpatient costs, allcause and hypertension-related inpatient costs, all-cause and hypertension-related pharmacy costs, all-cause and hypertension-related outpatient costs, ER utilization, total allcause and hypertension-related medical costs, total all-cause and hypertension-related pharmacy costs, total all-cause and hypertension-related medical plus pharmacy costs. The covariates included in each regression model were identical to those included in the previous models, which are fully described in Table 3 . The results of this series of analyses suggest a beneficial association between the number of days patients were adherent to antihypertensive medication and economic outcomes. For example, the model which examined the impact of the number of days that patients were adherent to antihypertensive medication on total medical submit your manuscript | www.dovepress.com costs revealed that, on average, a 1-day increase in the total number of days adherent to antihypertensive medication was associated with a 0.13% decrease in total medical costs. The directionality of this relationship was similar for each model. An increase in the number of days adherent to antihypertensive medication was associated with a decrease in both all-cause and hypertension-related utilization of inpatient, outpatient, and emergency room visits as well as medical, pharmacy, and total costs.
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Discussion
As organizations grapple with the high cost of health care, programs and policies have been enacted in an attempt to reduce the burden. Policies enacted by payers include increasing patient copays and coinsurance for non-preferred or branded medications. More holistic approaches have been put into place by employers, and include reducing and/or eliminating patient copays for medications used to treat chronic conditions, the rationale being that, by promoting the use of these needed therapies, adherence will improve and patients will be less likely to require costly medical treatment down the road. This study supports that notion. Triggered by questions around the economic and clinical impact of these policies and programs, a body of literature now exists that effectively provides evidence of the benefits and challenges. Given the prevalence, chronicity, and economic impact of hypertension, many studies have been conducted to assess the impact of patient cost sharing specifically on antihypertensive medication adherence, 11, 12, 15, 16 while others have broadened the approach to target other cardiovascular conditions, such as diabetes. 14 Recently, employers have been implementing creative strategies to improve the health of employees with chronic conditions and to rein in costs. "Value-based programs" and "value-based benefit design" are phrases used to describe these programs. The National Business Coalition on Health defines value-based benefit design as "the explicit use of employee benefit incentives to encourage people to adopt appropriate use of high-value health services, adopt healthy lifestyles, and select high performance providers." A value-based program enacted by Blue Cross Blue Shield of North Carolina eliminated generic medication copayments and reduced copayments from tier 3 to tier 2 pricing for brandname medications in eight therapeutic classes for the treatment of cardiovascular disease, including hypertension. 13 Using a propensity-matched design, adherence improved for employees exposed to the program for medications for diabetes, hypertension, hyperlipidemia, and congestive heart failure. Chernew and colleagues 12 evaluated the outcomes associated with another value-based program enacted by a large employer and found that medication adherence increased after patient copays were reduced for medications in five classes (including those commonly used to treat hypertension: angiotensinconverting enzyme inhibitors, angiotensin receptor blockers, and beta blockers) within the context of a disease management program. Copays for generic medications were reduced from US$5 to US$0 and from US$25 to US$12.50 for preferred brand name medications, and from US$45 to US$22.50 for non-preferred medications. Holding the influence of the disease management program constant in their analysis, there was a clear positive effect of the intervention on adherence to antidiabetic agents, beta-blockers, and angiotensin converting enzyme (ACE) inhibitors/angiotensin receptor blockers (ARBs) (reducing nonadherence by 7%-14%).
The low adherence rate of 56% (205 days per year) that we observed in our patient sample corroborates submit your manuscript | www.dovepress.com Dovepress Dovepress the low adherence rates typically seen with hypertensive patients. [20] [21] [22] The similar PDC among the three risk groups despite the differences in age, types of comorbid conditions, and Charlson comorbidity index score is probably attributable to the fact that all groups used a similar number of antihypertensive medications (range, 1.34-1.74 per person) and thereby paid similar costs (range, US$93-US$103 per person).
No gold standard has been established for measuring patient adherence to medications. [23] [24] [25] [26] [27] [28] The reliability and validity of using prescription claims data to assess medication adherence have been demonstrated in numerous studies, and claims data have been shown to be more comprehensive than documentation of prescription use in medical records. [29] [30] [31] [32] Furthermore, claims data are more accessible and less expensive than other medication-adherence measurements. 33 Similar to our study, the relationship between patient cost sharing and adherence has been examined in creative ways using payer claims databases, while others have used databases to evaluate the outcomes of more naturalistic situations. One such study compared medication adherence at four Veterans Affairs medical centers between veterans who were exempt from copayments and propensity-matched veterans who were not exempt. 13 Over 3500 veterans with hypertension were included in the analysis. The authors reported that increasing copayments from US$2 to US$7 had an adverse impact on adherence for veterans treated with antihypertensive medications. Yoon and Ettner 11 conducted a cross-sectional study of 83,893 commercially insured patients with hypertension using claims data and evaluated the impact of cost sharing on adherence to antihypertensive drugs across varying adherence levels. They concluded from the results of their analyses that cost sharing (copayments or coinsurance) had a substantial negative association with adherence (as determined by medication possession ratio [MPR]) among patients with low adherence to their medication, but the association between cost sharing and higher adherence levels was weak.
Our study provides additional support for the relationship between patient cost sharing and adherence. We sought an approach not previously taken by creating risk groups and subsequently controlling the potentially confounding effect of risk group membership in our models. This also allowed us to examine the independent effect of risk group membership on our outcomes to determine whether an association was present. The independent association between risk group membership and PDC by antihypertensive medication was positive and significant for those patients designated as "high risk" by 3 days. These patients not only had hypertension, they also had a diagnosis of coronary artery disease, chronic kidney disease, diabetes, or ischemic stroke. We also took our analysis a few steps further than what had previously been done in the literature by examining whether PDC (adherence) for antihypertensive medication had an effect on resource utilization and health care expenditures. We found a negative and consistent relationship (decrease in PDC = increase in resource utilization and costs), which should be further evidence of the importance of adherence among patients with hypertension and of particular interest to employers and health plans. Limitations inherent to claims-based analyses, as well as limitations specific to this study, must be taken into account when considering the results of the analyses. Claims data are collected for the purpose of payment and not research, and are subject to possible coding errors, undercoding, and coding for the purpose of ruling out a suspected disease rather than determining the actual disease. Furthermore, when using prescription claims data to study adherence to medication, it should be noted that a claim does not equate to proof that a medication was taken, or that it was taken as prescribed.
With regard to study-specific limitations, the variables used to define and categorize patients into risk groups were based on claims data with its inherent limitations and were validated with any clinical data that would be obtained only from medical records. Second, given the number of medications that hypertensive patients take (which on average was ∼2), our definition of adherence merely measured the number of days within the follow-up period that a patient was "covered" by an antihypertensive medication prescription, accounting for any overlaps for multiple medications. Thus, we were not able to report more standard measures such as the MPR.
Conclusion
This study assessed the impact of patient cost sharing for antihypertensive medications among commercially insured individuals assigned to different risk categories on the PDC by antihypertensive medications, medical utilization, and health care expenditures. We found an association between higher patient cost sharing and decreased PDC as well as a beneficial association between PDC and various economic outcomes. An increase in PDC was associated with a decrease in both all-cause and hypertension-related utilization of inpatient, outpatient, and emergency room visits as well as medical, pharmacy, and total costs. The current study illustrates the potential untoward effects of higher patient cost sharing among patients with hypertension. Furthermore, the study found that a decrease in PDC is predictive of higher resource utilization and health care costs, which should be of interest to payers and employers alike.
